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Chapter 1 Introduction 
     In this chapter, the background, especially the situations of soil-pollution by heavy 
metals (HMs) in China and Japan, is described to motivate this research to be carried out. 
The main objectives of this research are also given: 1) to develop a cost-effective strategy to 
investigate and remediate the polluted site with the respect of the total fee (TF) and correct 
treatment rate (CTR); 2) to apply the developed strategy into the investigation and 
remediation at the real-world polluted site, and provide a reference for the engineers, 
decision-makes or researchers.   
 
Chapter 2 Discussion and selection of sampling, remediation and geostatistical methods 
     In this chapter, the sampling, remediation and geostatistical methods, which are the 
main components of the strategy are introduced and discussed in detail.  At last, the 
systematic (or uniform) grid sampling (SGS), excavation remediation, geostatistical 
technique (Ordinary Kriging: OK) and a genetic algorithm (GA) approach are selected 
through the comparison of the advantages or disadvantages of each method.  
 
Chapter 3 Cost-effective strategy of the investigation and remediation area on the 
surface polluted-soil (2D) 
     This chapter explained, based on the methods selected in Chapter 2, that how the 
strategy has been developed and validated. Firstly, a large sum of assumed actual polluted 
fields (AAPFs) are randomly generated by the unconditional simulation (US), and on these 
AAPFs the systematic grid sampling (SGS) were used to obtain the sampling data. Secondly, 
through the sampling data and threshold value, we can judge that which part of soil is 
polluted and should be removed, and then we can further know if the removed part is real 
polluted soil or the retained part still has some polluted soil not removed, since the 
concentration of HMs at each location of AAPF is known beforehand. After calculating the 
corresponding ATFs for the SGS with different sample numbers, the optimal sample number 
can be suggested to get lower ATF. Thirdly, after the optimal sample number is fixed, the 
kriging method can be used to calculate the corresponding ATF, and compare the ATF by 
kriging and the ATF by only SGS to judge which is better. In this research, the ATF by 
kriging is lower than by only SGS, and change the confidence interval (CI) of kriging to 
know which CI has the lowest ATF. At last, based on the best CI decided in last step, GA is 
used to optimize the additional sampling locations.  
 
Chapter 4 Development of the cost-effective strategy for the soil at depth (3D) 
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In this chapter, we discussed the difference and the (dis-) advantage of existed 3D model to 
simulate the distribution of HMs in the polluted soil, and analyze the feasibility of the 
development of the 3D model in this research. The distribution of HMs on the surface soil 
takes the method of kriging estimation, and at depth uses transport or migration functions in 
the vertical direction.  
 
Chapter 5 Case study in the polluted forest soil in Kawauchi village, in Fukushima 
prefecture, Japan 
In this chapter, we tried to construct the 3D model (the distribution of HMs both on the 
surface soil, but also at depth) on the real-world polluted site to assess the volume of the 
polluted soil, and give the suggestions of remediation, for example the volume the polluted 
soil, the total fee, to decision-makers. 
 
Chapter 6 Discussion and general conclusion 
In this chapter, all the important findings are summarized and emphasized. Finally, the 
























































また、平成 28 年 2 月 22 日、論文内容とそれに関連した事項について試問を行っ行って、
申請者が博士後期課程学位取得基準を満たしていることを確認し、合格と認めた。 
なお、本論文は、京都大学学位規程第１４条第２項に該当するものと判断し、公表 
に際しては、（平成 29 年 3 月 21 日までの間）当該論文の全文に代えてその内容を要約 
したものとすることを認める。 
 
 
